Two new acetylenic antibiotics, cepacins A and B, have been isolated from the fermentation broth of Pseudomonas cepacia SC 11,783 and assigned structures 1 and 2. Cepacin A has good activity against staphylococci (MIC 0.2 /<g/ml) but weak activity against streptococci (MIC 50 Erg/ml) and the majority of Gram-negative organisms (MIC values 6.3 -> 50 µg/ml). Cepacin B has excellent activity against staphylococci (MIC <0.05 Erg/ml) and some Gramnegative organisms (MIC values 0
OF ANTIBIOTICS MAY 1984 The following compounds are utilized as the sole carbon source on the basal medium described in STANIER et al.12) : glucose, xylose, arabinose, fructose, sucrose, ribose, mannitol, sorbitol, salicin, acetate, citrate, d-tartrate and putrescine. Rhamnose, maltose, lactose and erythritol are not utilized.
P. cepacia SC 11,783 is identical to P. cepacia ATCC 17759 and matches the published description of this species") except for the failure to produce a yellow intracellular pigment. This organism has been deposited in the American Type Culture Collection under the accession number ATCC 39356.
Fermentation
Seed culture was prepared by transferring a loopful of surface growth from an agar slant of P. cepacia SC 11,783 into each of four 500-m1 Erlenmeyer flasks, each containing 100 ml of the following sterilized medium: yeast extract 0.4%, malt extract 1.0% and dextrose 0.4% in distilled water. The pH was adjusted to 7.3 with NaOH before sterilization. The flasks were incubated at 25°C on a rotary shaker (300 rpm, 5 cm stroke) for approximately 24 hours. A 1 % (v/v) transfer of this culture growth was made to forty 500-m1 Erlenmeyer flasks each containing 100 ml of the sterilized medium described above.
The flasks were incubated for approximately 24 hours under the same conditions previously described. A 1.5% (v/v) transfer of the resulting culture growth was used to inoculate a 380-liter stainless steel fermentation tank containing 250 liters of the same sterilized medium described above. The fermentation was continued for approximately 20 hours at 25°C using an agitation rate of 130 rpm and an air flow of 283 liters per minute. After the appropriate fermentation time, a 3.5 % (v/v) transfer of this culture growth was used to inoculate a 5,000-liter stainless steel fermentation tank containing 3,500 liters of the sterilized medium described above. The fermentation was continued for approximately 14 hours an agitation rate of 100 rpm and an air flow of 2,830 liters per minute. A polyalkylene glycol, Ucon LB-625, was at 25°C using added as needed to control foaming. Antibiotic production was determined by a paper disc agar diffusion assay using Staphylococcus aureus SC 11,348 as a test organism. At harvest, the fermentation broth was adjusted to pH 5 with HC1 and centrifuged.
Isolation
Isolation of cepacins A and B was monitored by assay with S. aureus SC 11,348. The antibiotics in the broth supernate are very labile to acid and base and are most stable at about pH 5.
Purification by adsorption chromatography on silica gel and partition chromatography on Sephadex LH-20 is outlined in Fig. 1 . Cepacin A was obtained as a glassy residue and cepacin B as a crystalline solid. The pure antibiotics are very unstable as solvent-free residues, rapidly converting to dark-brown insoluble material. They can, however, be stored in dilute solution (ethyl acetate, methylene chloride, or chloroform) in the dark at -20'C for extended periods without substantial loss of purity.
Characterization and Structure Characterization data for cepacins A and B are listed in Table 1 . The UV spectra of these antibiotics are nearly identical to that of nemotin (3)3) and the IR spectra indicate a close relationship also. The latter show absorption characteristic of hydroxyl, acetylene, allene and 7-lactone functions. The structural relationship of the cepacins to nemotin is further supported by a base catalyzed transformation of the UV chromophore that is essentially identical to that observed in the transformation of nemotin (3) to nemotin A (4)14). Treatment of either cepacin A or B with base results in a rapid conversion (t1/2 ca. 5 minutes at 20°C and pH 8.9 in EtOH -H2O, 1 : 9) of the diyne-allene to a triyne-ene chromophore (e.g. 2-5) with concomitant loss of antimicrobial activity. Structures 1 and 2 for cepacin A and cepacin B, respectively, were derived from their 1H NMR spectra (Table 2) in conjunction with the hydrogenation experiments described below. Decoupling experiments summarized in Tables 3 and 4 were used to make the assignments for 1 and 2 given in Table   2 . The ethereal protons are found at relatively high field (2.74 -3.47 ppm) indicating that they are epoxide protons15), and the homoannular coupling constants (1.9 -2.3 Hz) further reveal that the epoxides are trams substituted16) The multiplicity of peaks in the 1H NMR spectrum of cepacin A in CDC1, suggests a 1 : 1 mixture of diastereomers. This proposition is supported by a spectrum measured in CDCI, -C,D6 (1: 1) ( Table 2) in which the true coupling constants remain essentially unchanged while the ws exhibit substantial solvent-induced variations. It is also possible in this solvent system to observe the coupling constant, Spectra were obtained at 400 MHz. Chemical shifts (%0) are in parts per million downfield from internal Me)Si. Coupling constants (J) and multiplicity due to isomer mixtures (JO) are in Hz (:0.3). A small quantity of CD3OD was added to the samples. In its absence, the protons on carbons bearing hydroxyl groups gave broad peaks. These assignments may be reversed. VOL. XXXVII NO. 5 THE JOURNAL OF ANTIBIOTICS 15.8 Hz, for the olefinic protons, establishing the trans stereochemistry of this linkage. The peak in the infrared spectrum at 971 cm-1 is also indicative of a trans olefin.
The major product from the catalytic hydrogenation of 2 in the presence of Pd/C or rhodium (Rh)/A1203 is 6 which is also produced by catalytic hydrogenation of base-rearrangement product 5
(Scheme 1). The structure of 6 is supported by the IR spectrum (y-lactone: 1772 cm-1), the NMR data (see Table 2 and experimental section), and by the high resolution mass spectral data obtained for the trimethylsilyl derivative 7
(summarized in Scheme 1). When rhodium was used as the hydrogenation catalyst in order to minimize hydrogenolysist7), 6 was still by far the epoxide adjacent to the allene function is very susceptible to hydrogenolysis. However, a minor product is also produced (13 % yield) that can be obtained in slightly better yield (25 %) by partial reduction with diimide followed by catalytic reduction. This was identified as the simple reduction product, 8, from its 1H NMR spectrum (Table 2 ) and the mass spectrum of the trimethylsilyl derivative, 9, (summarized in Scheme 1).
Catalytic hydrogenation of cepacin A (1), Scheme 2, results in hydrogenolysis of both the epoxide and the r-lactone to give (+)-threo-7,8-dihydroxypalmitic acid, isolated as its methyl ester, 10. The gross structure is supported by its NMR spectra (experimental section) and by the mass spectra of 10 and its bis-trimethylsilyl derivative, 11 (Scheme 2). The chemical shift of the C-7, 8 protons in benzene-de Table 1 ), are in reasonable accord with the calculated21) value, -445°, for 12 (R enantiomer). Rotations for cepacins A and B are approximate because of instability of the compounds, but the magnitudes are large. Since diyne-allenes typically have large rotations, the rotations of cepacins A and B would be dominated by this array, allowing assignment of the R configuration for the allene in both antibiotics"'. As shown above, cepacin A is a 1: 1 mixture of diastereomers, and the only asymmetric center where a mixture remains possible is at C-4. Thus the absolute stereochemistry of the cepacin A mixture can be depicted as in structure 1.
Biological Properties
As seen from the data in Table 5 , cepacins A and B both exhibit antibacterial activity with a high degree of activity against staphylococci. Interestingly, the compounds are poorly active against streptococci. Cepacin B is significantly more active than cepacin A against both Gram-positive and Gramnegative organisms.
Both compounds are relatively toxic to mice. On ip administration, cepacin A had an LD50 of 30 mg/kg and cepacin B had an LD50 of 25 mg/kg.
Experimental
1H NMR spectra were recorded at 400 MHz on a Jeol Model GX400 spectrometer. 13C
NMR spectra were determined at 15 and 67.5 MHz on Jeol Model FX60Q and FX270 spectrometers.
IR and UV spectra and optical rotations were measured on Perkin-Elmer Model 983, Model 202 and Model 141 instruments, respectively. Mass spectra were determined on an AEI MS-902 double-focusing mass spectrometer and on an Extranuclear Laboratories modified Simulscan instrument. Thin-layer chromatography was done on Merck silica gel 60-F234 plates and silica gel column chromatography was done on Whatman LPS-1 silica gel. Cepacins A and B were stored as solutions in CH2Cl2 or EtOAc at -20°C . Removal of solvent in vacuo and immediate redissolution could be done without extensive decomposition.
Isolation of Cepacins A (1) and B (2) The broth supernate from a 3,000-liter fermentation of P. cepacia SC 11,783 was extracted with 1,000 liters of CH2C12. Concentration of the extract gave 2 kg of residue that was distributed in 7 liters of each phase of heptane -PhMe -MeOH -H20, 3 : 3 : 2: 1 (System I). After separation of the phases by centrifugation, the upper phase was extracted with another 7-liter portion of System I lower phase, and the two resulting portions of lower phase were washed successively with a single 7-liter portion of System I upper phase. The combined lower phase was diluted with an equal volume of water, extracted with 6 liters of CH2CI2, and the extract concentrated in vacuo, giving 75 g of residue. Chromatography of the residue on a 1.8-liter column of silica gel, eluting with CH2CI2 followed by CH2CI2 -EtOAc, 4: 1, and monitoring by TLC, gave 11 g of material rich in cepacins A and B. Chromatography of this material on a 2.75-liter column of silica gel, eluting with CHCI3 followed by CHCl3 -EtOAc, 3: 1, gave 0.72 g of crude cepacin A (47 % pure by UV analysis) and 1.34 g of crude cepacin B (44% pure by UV analysis) containing some cepacin A.
Crude cepacin B was dissolved in 10 ml of MeOH -CHCl3 -heptane, 1: 3 : 6, (System II) and the resulting crystals removed and immediately redissolved in CH2CI2. Concentration of the mother liquor gave a second crop of crystalline cepacin B which was combined with the solution of the first crop. Fractions from the Sephadex LH-20 chromatography that contained cepacin A were combined with the crude cepacin A from the silica gel chromatography and rechromatographed on Sephadex LH-20 as described above. Fractions containing cepacin A were combined, partially concentrated to remove MeOH, and the resulting solution passed through a 25-ml column of silica gel. Elution with EtOAc gave 140 ml of a solution containing 246 mg of cepacin A. The antibiotic was stored in this form at -20°C . 13C NMR (CD3CN) 6 29.0 (t, C. or C;), 29.2 (t, C2 or C3), 52. Table 2 ; MS of trimethylsilyl derivative (7), see Scheme 1; 13C NMR (CD3OD) 5 14.4 (q), 23.6 (t), 24.5 (t), 24.6 (t), 29.1 (t), 30.3 (t), 30.6, 30.7 (t), 32.9 (t), 35.0 (t), 57. 
